Abstract -Tick-borne diseases occurring in Zambia are assuming more importance as they continue to be a major economic problem not only in Zambia, but in many parts of Eastern, Southern and Central Africa. The current control methods, which include the use of toxic acaricides to kill ticks, and the virulent sporozoite infection and treatment method have limitations. Recombinant vaccines, currently in their experimental stages, offer hope for the future. The use of acaricides is hampered by the development of acaricide resistance and live vaccines are dependent on cold chain facilities, which are a formidable obstacle in the poorly developed infrastructure in parts of Zambia where the vaccine is most needed. Amidst these drawbacks are the results of the recent research on parasites and vector recombinant vaccines which promise to circumvent these problems. The history, current status and attitudes regarding the control of these diseases, taking into account their complexity, are reviewed. The establishment of the well-designed Central Veterinary Research Institute (CVRI) and Japanese International Cooperation Agency (JICA) sponsored veterinary school, both have a potential for high quality research, with access to a wealth of specimens a veritable goldmine of research material. It is thus hoped that this review will stimulate the desire to maximize the value of the tick and tick-borne disease research in both Zambia and the international research community.
INTRODUCTION
Zambia is a land locked country situated in the tropics between latitude 8 and 18 degrees east and longitudes 22 and 34 degrees south, with a land area of about 752 600 square kilometers and an estimated population of about 11 million as per the 2000 population census data. Livestock distribution is not even over the country, divided into 9 provinces for administrative convenience. The nine provinces of Zambia together with the countries neighboring Zambia are shown in Figure 1 . It is estimated that in Zambia, the livestock sector comprises about 3 million heads of cattle, 82 281 sheep, 953 757 goats, 343 195 pigs, 1695 donkeys, 874 horses and 1.5 million dogs [2] . Cattle are the most important type of livestock in Zambia. The traditional cattle are mainly the Sanga and Zebu. Although cattle dominate the livestock sector, small ruminants also play a commercial role in the traditional sector.
The past history of major protozoan diseases in Zambia itself is inseparable from that of tick borne diseases, which are of importance not only in Zambia, but also in many parts of Eastern, Central and Southern Africa and the world as a whole. Tick borne diseases (TBD) are still a major constraint to livestock production in developing countries. In cattle they are the cause of high morbidity and mortality, decreased meat and milk production and loss of draught power and manure together with the cost of control measures [2, 3] . They are also an impediment to the upgrading of indigenous breeds of cattle, sheep and goats, as well as the introduction of more productive exotic breeds. Ticks are the most important ecto-parasites in Zambia since they are responsible for transmitting diseases that cause the highest cattle mortalities compared to other diseases [1] . Besides their role as disease control vectors, ticks cause physical damage such as injury to hides and loss of blood through their feeding [99] . In addition, ticks inflict severe bite wounds on animals, which are prone to myiasis and act as a route of infection for a number of other disease causing agents [100, 103] . There are many diseases that are transmitted by ticks, but in domestic animals in Zambia and the neighboring countries within the South, Central and East African regions, particularly in cattle and small ruminants, the most important ones are Theileriosis (East coast fever/Corridor disease) also locally known in Zambia as Denkete (Southern Zambia) and Chigodola (Eastern Zambia); Anaplasmosis (Gall sickness); Babesiosis (Red water); and Heartwater (Cowdriosis). A summary of the major tick-borne diseases for the period 1997-2000 are shown in Table I . This table shows that theileriosis is the most important tick-borne disease, causing significantly more deaths than the other tickborne diseases combined. All these tickborne diseases are present in over 10 countries in Eastern, Central and Southern Africa and moreover, in many cases the vectors are more widely distributed than the parasite, thus the potential danger of the diseases spreading to other areas cannot be overemphasized.
THEILERIOSIS (DENKETE OR CHIGODOLA)

Parasites and distribution
Theilerioses are protozoan infections of wild and domestic Bovidae occurring throughout much of the world that belong to the genus Theileria. Although the real origin of Theileriosis in Zambia is not known, the first case of Theileriosis was recorded in the Nakonde area of northern Zambia in 1922, and it is highly assumed that it originated from East Africa [69] . In Zambia, Theileriosis manifests itself in the form of a severe lympho-proliferative disease known as the Corridor disease (CD), East Coast Fever (ECF) or January disease [17, 30, 39, 56, 71, 97, 106, 107] . Amongst the five Theileria species and subspecies that are known to exist in Zambia, the most economically important are T. parva parva and T. parva lawrencei [28, 31, 70] . Molecular DNA studies have however shown that the causative Theileria parva subspecies are indistinguishable from each other at the molecular level, although the disease syndromes they cause are quite distinct [28, 31, 64, 73, 74] . Theileria species in Zambia are summarized in Table II . Taurine (Bos Taurus) cattle, their crosses, and improved Zebu (Bos indicus) cattle originating in non-endemic areas are the most severely affected [58] . CD is widely spread in the Southern, Central, and Lusaka provinces and has recently been recorded in the Copper-belt province. ECF is present in the Northern and Eastern provinces of Zambia. However, this separation of "disease" into CD and ECF has been based on historical reports and not on current data indicating ECF as being important in Zambia.
The main vector of the T. Parva parasites is a three-host tick Rhipicephalus appendiculatus (R. appendiculatus) [7-11, 16, 62, 63] and Rhipicephalus zambeziensis (R. zambeziensis) [28, 74] , which are more widely distributed than the parasite [68] , hence a potential danger of the disease spreading to other areas cannot be ruled out.
Within an infected area, the pattern of Theileriosis occurrence may take the form of either epizootic and enzootic occurrence or enzootic stability. The Theileria epidemiological situation in Zambia can be described as an endemic unstable zone in parts of the Eastern and Northern provinces. This situation is entirely defined by the less favorable climatic conditions for Rhipicephalus ticks in this part of its range. The result is a complex tick ecology, characterized by one or two tick generations a year and the occurrence of diapause in contrast to a year round presence of ticks in Kenya, Tanzania and Rwanda. A total of about 25 000 Theileriosis cases were recorded by the Animal Production and Health Subprogram (APH) in 1991, out of which 2596 were ECF cases, with the Northern province recording 468 cases, while the Eastern province recorded 2128 cases [69] . Table I indicates the decreasing importance of ECF in 2000. Speculatively, this may have been due to under-reporting. On the contrary, this would mean that the then ongoing ECF vaccinations have begun to yield the desired result. The highest number of ECF cases in both provinces occurred between January and March [96] . The highest number of CD in the Southern province, were recorded during the month of January. Most of the recorded cases are based on the diagnosis demonstrated by the presence of schizonts (Koch blue bodies -KBB) in lymph node biopsy smears [36] , spleen impressions and piroplasms in blood smears from clinically sick animals. Morzaria et al. [57, 59] at the International Livestock Research Institute (ILRI), Nairobi, Kenya have developed a highly sensitive and specific ELISA, which allows precise diagnosis of T. parva antigens and is currently being used in Zambia. This ELISA has been standardized and validated using defined experimental and field infection sera.
Economic importance
The economic impact of Theileriosis can be expressed in terms of mortality, loss of production (live-weight gain, milk production and draught potential), cost of control and in some cases restrictions placed on the movement of animals [19, 60, 61, 82] . In Zambia, apart from high treatment costs to farmers, the government spends substantial amounts of money annually for tick and tick-borne disease control, most of which is in the form of foreign exchange used for acaricide importation [17, [52] [53] [54] [55] . Theileriosis also causes indirect economic losses. In the affected areas, farmers face substantial risk if they try to improve their herds by crossbreeding because the productive breeds of cattle are highly susceptible to the disease [24] . 
BABESIOSIS (RED 3WATER) AND ANAPLASMOSIS (GALL SICKNESS)
Parasites and distribution
Bovine Babesiosis and Anaplasmosis form part of a complex of diseases sharing the feature of being predominantly transmitted by ticks. In many cases, they have been shown to occur as a mixed infection [25, 26, 32, 81] . In Zambia, Babesiosis and Anaplasmosis count amongst the most important of all TBD. They are impediments to the development of livestock industries in Southern, Central and Eastern Africa [48] . In Zambia two species of Babesia, B. bovis and B. bigemina are recognized as being of economic importance in cattle and small ruminants [34, 41, 80, 84] . However, B. canis has been reported in dogs in Zambia [2, 105, 106] . The data on the occurrence of B. equi and B. caballi infection in horses is obscure, since there is no appropriate and efficient reporting system. Moreover, equine Babesiosis, is important since it is a major obstacle to free international movement of horses out of Zambia. In the genus Anaplasma, only A. marginale infection is important in cattle in Zambia [48] . The infection caused by B. bigemina is more extensive than that caused by B. bovis and this may be attributed to a wider vector range of B. bigemina. In focusing to develop a diagnostic tool, Morzaria et al. [57, 59] have developed highly and specific ELISA, which allow accurate and precise diagnosis of B. bigemina and A. marginale. These tests have also been standardized and validated using defined experimental and field sera.
The vectors and distribution of Babesia and Anaplasma species are summarized in Tables III to VI. Data were obtained from the Central Veterinary Research Institute (CVRI), which handles samples from all regions in the country. This may not necessarily be a true reflection of the pattern of occurrence of these disease vectors and parasites, but rather may be a consequence of under reporting, due to the difficulties encountered in submitting samples from regions to the CVRI. B. bovis, B. bigemina and A. marginale are present in all the provinces of Zambia [2, 48] and as well as in other parts of Southern Africa [21] . Boophilus microplus is the most important and wide spread vector for Babesiosis, while A. Marginale is transmitted by Amblyomma variegutum. However, there is an overlapping distribution of Boophilus decoloratus and Rhipicephalus evertsi, which also acts as a vector [25, 26] . Mechanical transmission by biting arthropods (biting flies) also occurs and is considered to be important as well. 
Economic importance
Over 200 000 cattle are exposed to Babesiosis and Anaplasmosis in Zambia, but this is not a true reflection of the number at risk to disease. The majority of the native Bos indicus and sanga type cattle in endemic areas are probably exposed to B. bovis, B. bigemina and A. marginale infections, but do not develop overt disease. This is partly due to the existence of a state of enzootic stability, whereby the cattle become naturally infected at an early age, when there is significant passively acquired and innate immunity and are immune to challenge later in life. Although the infections can have a serious effect on previously unexposed adult cattle, these breeds are generally more resistant than "Bos Taurus" breeds [14, 15] , presumably because of a long association between the host and parasite. Exposure of the improved "Bos Taurus" cattle has been found to have disastrous consequences under the following conditions: when susceptible, high-risk cattle such as bulls and pregnant cows are imported into endemic areas (mortality rates of 50% are not uncommon [48] ); when cattle are exposed following the spread of ticks into previously non-infested areas; when infestation is introduced into a disease free vector population; and when enzootic stability fails to develop due to low tick transmission rates caused by, amongst others, ecological factors such as drought or the use of acaricides. Like Theileriosis, the economic impact of Babesiosis and Anaplasmosis can be expressed in terms of mortality, loss of production (live weight gain, milk production and draught potential), cost of control and in some cases restrictions placed on the movement of animals [50, 73] .
HEARTWATER (COWDRIOSIS)
Parasites and distribution
Heartwater caused by Cowdria ruminantium is a rickettsial disease that affects domestic and wild ruminants in Zambia [32] , the rest of Africa and the Carribean. The ticks, Amblyomma hebraeum and especially A. variegatum are the main vectors of heartwater in the agricultural areas of Zambia. The distribution patterns of both species in Zambia display anomalous features: the ticks occur in areas where the predicted climatic suitability for survival and development, as well as the densities of cattle (the most important domestic host) are, the lowest [81, 84, 85] . The only factor favoring the survival of the species in the areas in which they occur in Zambia is the presence of alternative wildlife hosts for the adult stage [80, 86, 88] . Their absence from more climatically favorable areas appears to be the result of intensive acaricide treatment of cattle over a long period of time and a historic absence of significant numbers of wild hosts. In Zambia, Heartwater is mainly a disease of cattle, although outbreaks in sheep and goats have been reported and recorded. The incidence of the disease is not necessarily associated with the presence of exotic and crossbreeds of cattle, but is mainly seen in areas where regularly dipped animals are in close proximity to indigenously kept cattle with no acaricidal treatment and also where game is frequently seen in cattle grazing 
Economic importance
In terms of TBD of cattle in Zambia, Heartwater, is surpassed in importance only by ECF/ CD and Anaplasmosis, caused by the T. parva and A. marginale group of organisms, respectively. In Zambia, Heartwater is regarded as a serious disease and many commercial farmers sustain great economic losses when they slacken their normal tick control practices [46, 47, 87] . Moreover, Heartwater is becoming increasingly important because of the changing agricultural practices in Zambia, including the frequent use of imported exotic breeds of livestock to improve productivity, extension of intensive livestock farming into areas that are ecologically marginal for vector survival and increasing movement of livestock between Heartwater free and endemic areas.
CONTROL
Joint efforts by the government of the republic of Zambia and assistance to the veterinary services of Zambia (ASVEZA), sponsored by the Belgium government have been ongoing for over a decade now. Before ASVEZA, another Belgium sponsored animal disease control project (BADCP), played a vital role in immunization against Theileriosis. Significant levels of donor support for the control of tickborne diseases have also been and continue to date to be received through the European Union (EU) funded Southern Africa Animal Disease Control Program (SAADCP), the Private and Co-operative Livestock Services Network Development Program (PCLSNDP) and the United [44] . However, there are problems associated with each control approach.
Vector control
Currently in Zambia, conventional acaricide treatment of cattle for tick control by dipping, spraying or use of pour-on formulations is widely used [68, 69, 79, 82, 83, 88] . Recent studies have also shown that aqueous formulations of entomogenous fungi may be promising biosectides for tick control [34] . Other parallel studies have taken a more indirect approach to using microorganisms to control ticks [76, 113] . Additionally, natural pathogens of ticks, for example, nematode worms have also been shown to be effective for tick control [29] . However, all these are in the experimental stages. The types of chemicals used for tick vector control are summarized in Table X . Vector control is associated with the following problems: the high cost of acaricides; vulnerability of tick control programs to political and economic instability [11, 52-54, 78, 83] ; acquired resistance to acaricides in Zambia and many other countries [4, 5, 27, 40-42, 92, 94, 95, 102, 108, 109] ; destabilization of the endemic stability; environmental pollution and residues in animal products [35, [110] [111] [112] . More studies to better understand the resistance mechanisms in ticks and their diagnosis need to be carried out. In cases where Theileriosis, Heartwater, Babesiosis and Anaplasmosis are endemic, disease control rather than eradication is the only realistic option, as is currently the case in Zambia. Eradication is unlikely to be feasible except in ecologically isolated areas and advanced countries with the necessary resources. This is particularly true in the case of Anaplasmosis and Theileriosis with their domestic and wild reservoirs and a variety of vector species. An alternative approach of learning to live with ticks and exploiting naturally occurring host resistance has been advocated in Zambia and other third-world tropical countries, where there are major problems of tick-borne diseases, especially in highly productive exotic stock, which require very intensive dipping. The increase in legislation to combat the detrimental effect of residues of acaricides on the environment, have emphasized the need to assess a variety of alternatives to tick vector control. There is an Australian tick vaccine already on the market, Bm 86 vaccine TickGARD (PLUS) against infestations with the cattle tick B. microplus [13, 20, 33] . There is evidence for a strong cross protection with B. decolaratus, H. anatolicum and Hyalomma dromedarri, but with little effect on R. appendiculatus or Amblyoma variegatum. Vaccination with the Bm 86 vaccine has been shown to induce an over 60% reduction in tick numbers in the field over one generation, and a 72% reduction in laboratory measures of the reproductive efficiency of ticks. Future control options for ticks and tick-borne deseases in Zambia must be determined by economics and will be strongly influenced by the commercialisation of new control technologies that are currently being developed. Immunological protection of hosts against tick infestation at present appears to be the most practically sustainable alternative tick control method to the current use of acaricides that is riddled with serious limitations. The current focus of tick vaccine research is the identification, cloning and in vitro production of recombinant tick vaccine candidate antigens. There is a need to conduct research on the multi-host tick species that are more widespread in Zambia in order to develop an effective and protective tickvaccine for Zambia and the neighboring regions.
Cattle movement control
Regulation and control of livestock movement is one of the most important means of reducing the spread of diseases. In this regard, checkpoints have been constructed in strategic locations on each of the major arterial roads linking the most important cattle producing areas, marketing and processing infrastructure throughout the country. Moreover, orientation 
Immunization
Theileriosis
Currently immunization by the infection and treatment method using live vaccines based on infective sporozoite stages of the parasites is so far the most prominent method [7, 8, 28, 45, 58, [65] [66] [67] [89] [90] [91] . In this regard, the Katete and Chitongo stocks have successfully been used in the Eastern and Southern Provinces of Zambia, respectively. Sporozoites are inoculated in cattle with simultaneous administration of long-acting formulations of oxy-tetracyclines. However, the cost of the antibiotics makes it an expensive method as well. However, in Zambia, despite the government's subsidy of the cost of immunizations, most farmers are still unable to pay though willing to participate. Studies have shown that immunized cattle are protected against challenge provided the appropriate parasite stocks are used [91, 112] . It is also known that immunized cattle as well as those that recover naturally from ECF/ CD are carriers of the infection and therefore, can serve as a source of infection for others [22, 23, 39, 45, 112] . These vaccines are poorly adopted in the region, mainly because of problems associated with the use of live parasites. Moreover, there is a possibility that the live immunization method may introduce new stocks that might break through the animals immune system to local parasite strains.
From this viewpoint, studies need to be performed in order to determine the biological impact of introducing new parasite stocks in the epidemiology of Theileriosis and long term efficacy of live vaccines.
An alternative method of immunization is based on an experimental recombinant antigen (p76) that has been developed [72] . The efficacy of the vaccine is being evaluated under field challenge in Kenya. This development represents a potential control of Theileriosis and the idea can be extended to other tick-borne diseases in the region. The development of attenuated and recombinant vaccines from parasites to replace the infection and treatment method of immunization would represent a significant advance in practical terms [49, 67, 69, 93, 104, 110, 111] . The fact that animals can be protected using a subunit vaccine provides cause for optimism. However, since a vaccine based on a single antigen may not be sustainable under field conditions, a search for schizont antigens that induce protective cell-mediated immune responses continues. The current research on recombinant vaccines is promising. It is expected that the ultimate vaccine against Theileriosis and other tickborne diseases will incorporate a cocktail of several antigens derived from sporozoite and schizont stages, thus contributing to lifelong, protective and robust immunity. Nambota et al. [69] clearly showed that Theileriosis is a major constraint to the development of the livestock industry in Zambia and other parts of Africa [60] . Recently, the Zambian governments concerned with the tick borne disease situation in the southern province, led to the presidential pledge of 2 billion Zambian Kwachas, to launch the Southern province animal disease control revolving fund. This facility is meant for controlling animal diseases in the Southern province. Unfortunately, difficulties have been encountered in using these funds. More groundwork, and preparation need to be put into place to ensure maximum fund utilization.
Babesiosis and Anaplasmosis
In Zambia, control of Babesiosis and Anaplasmosis is mainly achieved by chemotherapy and or chemoprophylaxis and vector control [38, 77] and less by immunization. The latter is restricted to some commercial farms, but it is not common practice. The reported success of immunization using tick fever vaccines in Australia [12] , Paraguay [13] and South Africa [21] represents a potential for the control of babesiosis and Anaplasmosis in Zambia. In these countries, Babesia strains have been shown to provide good protection against field challenge and were safe to use in highly susceptible cattle. Anaplasma strains have not, however, been proven to be safe as is desirable for safety trials nor, have they provided good protection as with the Babesia strains in the efficacy trials. Similar studies using local Babesia and Anaplasma strains need to be carried out to come up with a protective and safe vaccine for Zambia and the surrounding regions.
Heartwater
There are currently ongoing trials of inactivated elementary body vaccine against Heartwater at Lutale, in the central province of Zambia ( [6, 42] , personnal communication). An inactivated elementary body vaccine is being developed for commercialization by the University of Florida/ USAID/ SADC Heartwater research project in Harare, Zimbabwe. Vaccines were made from cell cultures inactivated with Beta-propiolactone and mixed with the commercial montanide ISA 50 adjuvant. Field trials were carried out in Zimbabwe, Botswana, South Africa and Zambia, using a vaccine based on the Zimbabwean Mbizi isolate of Cowdria ruminantium, which has been shown to cross protect against a variety of field isolates, and in Botswana, South Africa and Zambia, also using vaccines based on isolates obtained locally. The success of this trial will determine as to whether the vaccine can be used in all heartwater areas of Zambia and the SADC region [75] . More research must be conducted to identify a more suitable adjuvant and isolate or a cocktail of isolates as well as to improve the level of protection. The infection and treatment method of immunization against Heartwater is rarely used in Zambia.
Chemotherapy
In Zambia, drugs are used to treat cases of Heartwater, Theileriosis, Babesiosis and Anaplasmosis in addition to vector control [38, 77] and less by immunization. Drugs for use in chemotherapy or chemoprophylaxis of most tickborne diseases are readily available. Chemotherapy is actively used in the case of Babesiosis and Anaplasmosis. It is generally agreed that chemotherapy is not a control strategy, but rather a last resort when control strategies prove ineffective. Ideally, the three methods should be integrated to make the most cost effective use of each and also to exploit the breed resistance and the development and maintenance of enzootic stability [37, 39] . No single method is likely adequate to control the complex problem of these and other TBD in Africa and elsewhere [73, 112] . However, the current Zambian approach is new, based on integrated strategies that encompass the following: selection of disease and tick resistant cattle [98, 99] ; exploitation of enzootic stability; use of acaricides only when economically justified in relation to the direct effects of ticks on livestock production [10, 19, 38, 51, 84, 85] . The major problems that affect chemotherapy as a control strategy are the difficulties encountered in the early diagnosis of the disease when chemotherapy is most likely to be active, and the high cost of the drugs, which the majority of traditional farmers cannot afford. 
RESOURCES (MATERIALS AND EXPERTISE)
At the Central Veterinary Research Institute (CVRI), and most if not all regional and district diagnostic laboratories, limited material for diagnosis and research as well as adequate funding to acquire these materials have been the main problem. In most laboratories, only basic microscopic diagnosis can be performed. However, two regional laboratories in Mazabuka and Chipata are exceptions because they are equipped well enough to conduct ELISA and IFAT on most tickborne diseases, using recently developed technology. Moreover, the Chipata and Mazabuka laboratories are actively involved in the well-funded ASVEZA tick and tick-borne disease control program with special emphasis on Theileriosis, which has been ongoing for over a decade. In addition, the Japanese Government built University of Zambia School of Veterinary medicine is well equipped and also offers modern diagnostic and research facilities. In terms of staff, from an establishment of 1146 for both research and field services staff, there are 146 professional posts (research and field veterinary officers, biologists), supported by a 983 member technical staff (laboratory technicians and assistants). The current numbers of field and research staff may apparently be sufficient, but the level of expertise needs to be improved in relation to the predominant tick and tick-borne diseases in the country.
THE WAY FORWARD
The main objective of the Animal Production and Health Subprogram (APH) as stated in the Agriculture Sector Investment Program (ASIP) document [2] is to improve the productive efficiency of the livestock sub-sector, particularly the traditional sector, which accounts for 82% of the nations livestock population.
Currently, Zambia is infested with a vast array of multi-host ticks, which spend most of the time off the host with short feeding periods ranging from 4-10 days. The traditional approach to kill these ticks during infestation has been chemical control using dips and sprays and in the last decade and for the tick-borne diseases, immunization using live vaccines by the infection and treatment method has particularly been used. However, the rising costs of acaricides, resistance and environmental contamination coupled with cold chain dependent live vaccine immunizations, have made it almost impossible to use these methods on a regular basis according to the pest and disease problem in third world tropical countries where tick associated problems are more pronounced. Some lessons may be learned from the Zimbabwean, Australian and Caribbean successful experiences, which have demonstrated that with total commitment of all parties and adequate financial backing and implementation of appropriate legislation agreed upon by all parties, intensive tick and tickborne disease control can be effectively maintained. The adoption of an intensive tick and tick-borne disease control policy has partly failed in Zambia not because of inappropriate technologies, but because of conflicting political and institutional agendas as well as inadequate financial support associated with unprofitable livestock industries. This has necessitated the search for alternative tick and tick-borne disease control methods on an integrated approach to pest and disease management. For this reason, vaccination against ticks and tickborne diseases using recombinant antigen vaccines are being studied in the hope that Zambia's future control strategy will involve only the economically effective and justifiable acaricide application in conjunction with the promising recombinant antigen vaccines. The Zambian approach should be to consider the options of tick and tick-borne disease control carefully for each program separately taking into account the prevailing epidemiological Tick-borne diseases in Zambia 41 settings and parasite/vector population dynamics using only proven technical methods with the enforcement of appropriate legislation and good management.
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